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ABSTRACT

The pole of the galexy was determined from measurements of
galactic radiation at a frequency of 205 megacycles. The radiation
is highly concentrated along a small circle close to the galactic
equator. The coordinates of the pole are 2668 4?5 galactic longi-
tude 87?43 ¥ 0934 north galactic latitude. The small circle has a
north polar distance of 91017' * 1. The relative intensity and
approximate half width of the galaxy as a function of galactic
longitude are presented. The exveriment and certain consequences

of the results are discussed.
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10 POLE O G AT 205 M

SECTION I - INTRODUCTION

Now thrt th~ nh2nomenon of radio frequency radiation from the
galaxy 1s well-known and its motential ueefulnese as An additionsl
tool for analysis of tha structurse of the galary is coming t¢ be
r~cognizad, it is dnrirsble to have vrocise informastion concerning
th2 natur: of the distridution of gelactic radio freguancy radi-
ation both in direction and with respect to froguency., The 1deal
goal in this regerd would be a complete specification of tha func-
tion Iv(‘.b). the gnecific int-nsity ss function of frequency and
Folactic longituds and latituds, together with a cuantitative state- '
ment of its statistical chearacteristice if it ie found to vary in
timn, The present state of our knowledge of galactic radiation, of
cours?, falls far short of thie goml, Snveral nreliminary survaysa
of the apnroximats dietribution of galsctic rediation 2t freguen-
cias betwean 20,5 lc ner second and LBO Me ver seacond heva been
nublishAd}

The leck of d=tailed informetion of high accuracy ir secri-
babls to the fact thet investiretions of galactic rediation in the
.radio fraquincy rpectrum ars at least as compliceatad and ase diffi-
cult =¢ those vrobleme mor~ familisar to sstronomers concerne=d with
abeoluta spactroohotometry in the onticsl region of tha spectrunm,
Thara is, in fact, an sdded difficulty which muet de overcome in
making measures of snecific intensity in the radio freguency region

of the spectrum, dbacausa the resolution of the antennas of orasant

1 Numbere refsr to reference list,
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radio talasconce is of necrasity of the same order of magnitude »e
tha dimaneions of the radiating regione in the galary, 3acause of
this restriction thn accurate determination of the actuml distri-
bution of emacific intensity as a function of direction vrasents

a problam which is cortainly of a high order of complexity and
p-rhaps not even uniquely solvable 4n orinciole,

- 48 a resrult of thie atate of affeirs, it ie nacessary, =8 in
mor~ conventional branchas of astronomy, for the observer to voro-
caed rlowly, EHe must freme nraciaes obsarvational wroblems with
rafarsncz both to th=ir astronhysical immortance sand to their
suitability for obeservations with radio tel~escoves. Ona such prod-
lem denls with the guentitative dntermination of how well the
golrctic rrndiation agra=s with gannrelly accevntad ideas of tha
nosition of th: galactic wlan~, Until now, only one euch quanti-
tativa drterminstion vas availadle, It made uge of dnte oObtained
by Reber at 160 Mc and aleo et L8O Mc. Reductions of thege data
indicated a high ordar of internal consietency? Aside from the
fact that the date from vhich thase computations were mﬁda wara
getharad pur:ly es » vraliminary survey, and hence might noasib{y
contain syst~matic ~rrors of diraction as great as 1°, thara is the
fact that th> gslactic rediation at zach freouency must be consider~
ed saparately., H-nee, tho preosent investigation at a fraquenecy of
205 Mc por sacond ie relevant,

At first glance it mey e~2m somewhat surorising that a radio
tolisconn with a comoarativsly droad antenna pattern could bde usand

for the successful dotermination of the centroid of galmctic redi-
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ation, Actually, it turns out ‘the important factors apre not eo

. much the dimonelons of the ggtqnna vattern, dut are the ertadility
of tha raceivir and amplifier circuite and the mecurescy of th~
geomatrical motions for nointing the antenna in different dirsctions.
In this connaction 4t is vertinent to ramember that military and
other installations have oft~on made gnite succeseful usa of

antennae with brosd acceptance patterne for the nurnoss of radio

diraction finding,

Gnlectic radistion suprare to arrive chiefly from a band a
number of degrees wid~ near ths gnrlactic soustor. The smacific ;ij
vroblem s:t for rolution in this paner 1s to determine the :

. , centroid (that ie, tho mean galactic latitude) of th~ 205 Mc
gelectic aignel ot all galretic longitudas sccegsidls from the
1atituds of th: observing stetion, and to find the ontimum emall
circls on the c2leatinl smheras heat fitting these observations,
This gmrll circls may be charscterized by threms warameters,

t'and b' thn gsalnctic coordinntan of tha north nol= of the small
circla, and?thn north polar dletance of the small ecircla from the
pola charactarized by l‘ and b|.

A number of months of testing the radio telegeove ussd in the
present investigation showed the moment to moment stability of the
205 ke recniving =quinmont to b reliable to a gmall fraction of
the maximum galactic signel, Pporoximately one mareant. In order
to utilize fully this high dagroe= of stadility of the alecctrical
equiom~nt it was found nacessary to attamot to have all angular
dienlacemant of th2 moving verte of the radio telascovs reonroduce~

able and mccurats to apnroximetely 1/10 of » degran, An offort was




meds at all moints in the design of the obsarvetional vrogram snd

the vlrn of ecomputing procedure to guard this accurscy,
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SECTION 2 TQUIFMENT

The antenna used for these observetions was a forty-eight di-
pole array, constructed by placing two SCR-268 azimuth receiving
mattressed side by side. This seventeen foot square antenna was
mounted on an alt-azimuth mechanism so ae to provide vertiscal pelar-
ization with respect to the horizon, Direct reading azimuth and
elevation dials were installed and the relationship of the major
axis of the antenna pattern to true north and the local vertical
was determined as a fu.nction'of the dial indications.

Besldes routine ground level neasurements of the antenna pat-
tern, careful checks of the high elevation angle pattern were made
using the quiet sun as & source, at a time when the sun was well
away from any strong galactic source of radio frequency radiation.
Thus, it was determined that thils array possessed a pattern 15° x
15° 1 0.5° avay from the ground, and that the pattern of the main
lobe was gymmetric to better than 0.25°. Furthermore, as a result
of sweep measures on the quiet sun, it was found that the entire
antenna and nmount could be pointed by direct reading of the dials
to a precision of better than * 0.2° for elevation angles greater
than 89,

Tadble 1 ghows & typical set of measurements of the position
of the sun. Azimuth sweeps were made on a day when the sun wes
quiet. If a burst occurred during a sweep, the sweep was dis-

carded. The sweeps were made in closely timed pairs in opposite
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directions., The asimuth of the sun was measured by averaging sew-
eral pairs of equal amplitude points on each pesak and taking the
average of these as azimuth ¢f the maximum of the peak. A4n aver-
age agimuth vas found for each pair of 4 and = sweeps.

The GOT of each peak was measured from the tape. A graph of
the agimuth of the sun vs., EST was made from data in the nautical
almansc and the tables of U, S, Hydrographic Office publication
214, The position of the sun at the time of each peak and the
average position of the sun for each peir of sweeps was found.

The first order side lobtes were found to be down 16 decibels
below the main lobe, 'hile the entire minor lobe structure was
not the most desirable, a number of cross checks were made to as-
certain that no important signals were arriving from directiona
other then those subtended by the main antenna lobe.

The entire antenna mechanism was mounted on a platform pro-
vided with leveling adjustments and with a level whose least count
was 0.08°, Azimuthal rotation was obtained from an induction motor
and gear assembly of sufficlent torque that only large gusts of
wind made even momentarily noticeable variations in the rate of
rotation, The position of the antenna in azimuth was inserted on
the fecord.a automatically by using a carefully adjusted toothed
wheel and switch assembly attached to the vertical column drive
unit,

The receiver used in these measurements was the firet one
built by this group especially for the reception of galactic and

-6 -




TABLE I-
COMPARISON OF OBSERVED AND CALCULATED AZIMUTH OF THE SUN

fweep Calculated Measured Difference
Tirection Azimuth of Sun Azimith of Sun

+ 11575 1194
- 119.8 119.2
mean 119.6 . 119.3
+ 120.5 120.4
- 120.7 120.3
meoan 120.6 120.4
+ 122.3 122.7
- 122.5 122.5
mesen 122.4 122.6
+ 123.5 123.8
- 123.7 123.5
mesn 123.6 123.6
+ 12L.7 125.0
- 124.9 124.9
mean 124.8 125.0
+ 127.0 127.2
- 127.2 127.0
mean 127.1 127.1
+ 128.9 129.4
- 129.2 129.0
mean 129.0 129.2
+ 131.7 131.9
- 132.0 131.5
nean 131.9 131.7
+ 133.3 133.5
- 133.5 133.4
mean 133.4 133.4
+ 135.2 135.5
el 135 . 5 135 . 3
mean 135.4 135.4




solar noise. This receiver was a normal superheterodyne, dut

considorable effort had been expended towards producing a phys-
ically and electricelly stable unit.

The receiver had a bandwidth oé 4.5 Mc + 1/2 Mc centered at
205 Mc % 1 Me. The time constant of the Esterline—Angus recording
milliammeter was approximately three-eighths of & second. The sta~
bility was generally such that amplitude variations in the record
greeter than one part in two thousand of the internal receiver
noise could be definitely ascrided to variations in the energy re-

ceived by the antenna.




CTION OBSERVATION PROCEDURE

The general observing plan was to iweep the ant;nna 360° 4n
azimuth when the galactic equator passed through the genith.
Thus, the path of the center of the antenna beam would cross nor-
mal to the galactic equator, minimizing the labor of reducing the
computations and also reducing the effect of asymmetry of a local
galactic source on the position of the apparent centroids.

The detalls of the observing program were worked out as a
compromise among & number of conflicting factors. The sun was
nearing & position which would prohibit for several months the
observation of the milky way available at Ithaca (Lat. 42° 2903
north, Long: 5h 05® 48%6), and a large number of positions of
maxima would be required for a satisfactory determination of the
galactic pole. Ideally, however, only two gauges (sweeps) should
be perforned in a twenty-four hour interval, and these at the
times when the galactic equator passed through the zenith. This
would preserve & maximum of pointing accuracy. ¥inally, the time
constant of the recording milliammeter (averaging about three-
eighths of a second) made & slow rate of azimuthal rotation de-
sirable.

The observing procedure was as followss

(1) The dates and periods of observation, with notes on the

veather, are shown in Table 2.

s
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ZABLE 2

Greenwich
Date Tape No. GCT Vjeather
1048 ~ Start Tinish
Oct. 17 0-171 0025 0245 Cloudy
0-174 0530 0815 Cloudy
18 0-177 0012 0245 Snow, rain,&
0-179 0530 0838 high winds
19 0-182 0035 0255 Cloudy, cold
0-184 0530 0805 Cloudy, cold
20 0-187 0000 0235 Rain, heavy
0-189 0535 0805 clouds
20~-21 0-192 2345 0230 Cloudy
21 0-194 0515 0800

(2) The duration of each 360° azimuthal gauge was approxi-
mately six minutes.

(3) The sense of rotation was opposite for consecutive
gauges. The intention was to produce a number of pairs of gauges
of opposite sense, but of approximately the same celestial path,

thus mininizing the effect of the time constant of the recording

. pen,

(4) Gauges were made in steps of 4° of elevation over the
range 0° to 64° inclusive. Because of the angular width of the
main antenna lobe and the angular width of the galactic radiations,
higher slevation gmuges ere omitﬁed.

(5) The starts of consecutive gauges were spaced by ten min-

ute intervals, allowing the observer about four minutes to perform
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necessary adjustments and to record the events.

{(6) The alignment of the equipment with the local vertical
was checked Yefore and after each two-hour odbserving perlod.

(7) The recording tape, driven by a 60-cycle synchronous
motor, ran at a rate of 12"/min. to minimige reading errors.

(?) Time uarks accurate to a fraction of a second were placed
on the record by means of a thronograph pen on the margin., This
pen was controlled by the operator who listened, at appropriate
times, to the standard time transmission of radio station WWV.

(9) A merk was automatically placed on the record for every
three degrees of rotation, starting with a mark for trus North,

One mark wes omitted each sixty degrees, and the observer labelled
the azimuth by hand to avoid ambiguity and provide a doudble check.

(10) The receiver was switched from the antenna to the refer-
ence noise source for about four minutes after each gauge so as to
observe the performance of the electronic equipment.

(11) Except fer the few seconds required to make the time
narks, the observer was listening to the comdbined receiver and
galactic noise. This greatly minimized the likelihood of mistaking
any interfering terrestrial radiation for galactic radiation, and
provided an p.ddiudnal important check on the electrical perform-

ance of the entire equipment.




SECTION 4 -.OBSERVATIONS AND REDUCTIONS

It i« well to have in mind the acturl nature of tha guantity
vhich is mrasured by a radio telascop: bafores dascriding in datail
tha exact nrocdurn of obtaining th~ desired ouantities from the

obgervations, The antenna of tho radio telescove mey be thought of

as a d~vic~ which, vhen pointed in a givan direction, rncaivas
rediation not only from thet direction, but elso from other direc~
tions, Thor~for-, the power in th: transmission line from the
ant nna to th2 receiving s=t la provnortionsl to the waight=d memns
of th~ enp-cific int=nsity in the various dir-ctions, Setting tha
problem in snharical coordinat:s as chown in Figure 1, there are
thr:-> functions to be considered., First, the snicific intoneity

. I (€,0)). Foxt, tho function OGH,I) which d»fines the sensiti-
vity of the rat-nna in varioue dirrctions from the centrel aris
of the antenns, Finally, the function Pg(0.¢) vhich giveg the
vowar dalivarad dy th~ antanna to the st for » givan diraction of
nointing of the antsnna mris corr~=ponding to © and § . The agua-

tion connnctine thesa throe quantitine is remdily seen to de

cenm N B
Pp(0,8) « b\ I,(0,¢ ) G(R1I) sin 0 40 4 (4.1)

“qu}éio
For tha marticular cam» consid~red hsre, the vole pf the coordinate
eystem may be idontified with the zenlth, and @, for a given ewasp
- of thn ant-nna, ie fix~d and ~queal to the commliment of the mltitude

of the ewean whils §in tha azimuth toward which the antenns axie ie

4




directdd at any moment, Now, equation 4,1 reduces to a functiism

of one single running variable denoted by x, Bearing in mind that

both the source and the antenna pattern are of small angular exﬁent

and are c¢f the general shape of the normal distribution curve,

equation 4,1 may be rewritten in the following simplified manner,
P(x) = {O(ax') § (x') ox’ (4.2)

In this equationléz; ) is the total received power corresponding

to a small irncrement of azimuth, The function P(x) is actually

recorcec on the tape talen ot the time of ébservation, Thus, it

is possible, in principle, to form the quantity ;5 corresponding

to the centrcid of the observed power distribution as a function

of ezirutk, TiLis is given by the following equation,

% =1 [ =P(x)ix (4.3)
P P
whrere e
P = / Plx)ax (4.4)
/.

However, the desired quantity is the centroid of the actual source

distribution X_ given by

S . -
X, =1 xS (x)ax (4.5)
S e

where . o

S = j 5(x)ax (4.6)

-

It is possible to show that

X =% ¢% (4.7)
where _P ° fi

X -1 / x6(x )dx (4.8)

& &
X -~ o

o
and c-=/ 6(x)ax
-~ oo

It should be noted that (4.7) is independent of any assumption

about the form of the functlons P, G, and §, and furthermore, that

the term Eé can be thought of as related to a lack of coicidence
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of the alactrical and seomatrical axis of the antenna, From comvari-
son of tha oba'rved sand commuted mgimath of the quist sun odbtained
on saveresl different days at a number of diffar~nt altitudes, it
was found ~xnarim-ntally that the qunntity!ﬁg for the radio tele-
scop- usad satisfice the following inequelity.

%, < 0.2 (4.10)
In view of the n>gligible nature of this correction, it was not
necegarry to apoly any corractions to the obesrved azimth to obtain
the tru~s azimuth,

While tha obsorving sch~dul> was intantionally arranged s&
thet thn mlana of ths galectic equetor would coincide anvroximately
vith » vartical circle in order to minimizes ¢ortain obds~rvational
~prors and simolify tho comutntions, it still reouir~d conéider-
abla lpbor to convert tha resding actunlly obtained on tha tavas
into tho desir2d quantities for commtetion, Soreifically the
derir:d quentitiag were tha gltituds and azimuth of th» noint corres-
vonding to the cantroid of the galactic eignel for aach croeesing of
the nlene of thr galaxy »nd sleo tha Gresnwich Civil Time of this
croesing, The following nmrocndure was adont~d as » gatisfactory
apororimntion for locating the c>ntroid., Saversl pairs of amoli-
tude voints on nither eide of the maximum wera locat~d, The
azimuth of sach of thogs pointr was reesd to 1/10 of a dagree and
the averages taken to be tha vosition of the centroid. Since the
numd~r of nairs of points taken was usually threer or more »nd

since thoy wira dietriduted about the points of mayimum slove, it

vas f£21t that the medisn #0 darivad could not differ eignificantly

from th> c~ntroid \
h . -l




Obviously a deviation of the median from tha eantroid is to
be exprctad only in the case of an asasymetrical diltribgtion and
the observed distridutions wera found to be remarkadly symmetrical.
It was, nﬁverthele;s, worthwhile to make an iAdependent investi-

gation of the order of magnitude of the daviation of the median

from the centroid for a number of specimen distributions with
assym2try charscteristics eim11a¥‘to or graater than thosa observ.
ed for the‘gglaxy. In no cas~ wor2 the d-viations found to be
significant whan the mzimuth of tha centroid had be~n located by
the avaraging orocess mentioned, This median point wae marked on
the tape and the GCT corresponding to the noint of crossing of the
cantroid was read off to the nesrest smcond. At this stage the
date consist=d of some 320 arimuths and sltitudes of centroids of f
the galactic signal with the corresoonding GCT for each obs~rva-
tion. To irsure numerical accuracy of thng~ data two indemandent
syatematic ch~cks wera mad-, .

The next etap in th> procadure consisted of obtaining gal-
actic latitudes and longitudee for the obsarved positions of the
centroids of the signal. The~se ware commutsd in the following
way: First, thé altitude and azimuth of the International Astro-
nomical Union (IAU) galactic poles, pracessed to the ~gquinox of
dats, warn comouted for each ssvarate observation., From these
computations and the observed azimuths and altitudes of the cen-
troids, it was then possible to calculate directly the galactic
longitudas and letitudes of the centroid and one further quantity

of significance in the calculetions, This auantity,~-~, is the

- 16 ~
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angla betwern the diraction of sweev and the galactic aquator »t

. the point of crossing, The ovtimum value for{~ie 90°. But, of
course, it wee not oractical to arrangs the obearvations so thet
thie ontimum valns was obtain=d for each individual croseing of
tha vlana of the gelaxy.

At thie stage of the computations, the observations wara ro.
presented by a series of galactié latitudss and longitudes repra~
santing the galactic latitude of the centroid of the galactic
signal for a numbar of diffarent galactic longitudes. The method
of computation followsd also meade it poeeidls to institute an in-
depandent check of th: commutation by ecalculating in two diffarant
wvays a side common to two diffsrent goherical trisngles. Thess
calculationg ware mad~ with a calculating machine and tables of
natural trigonome=tric functions and w-re earried to five dacimals
in the functions and thousandths of degre=g in angle to insurs
adrquata guard figures,

To deal with thesa data in a conventient manner, normsl
vointas wors formed by dividing the date into ewwroximatsly 10°
intervals of galactic longitud~ and, for each groun of pointe thus

formed, celculating a mean galrctic longitud~ and a mean gealactic

latitude, It was f@lt worthwhile to take account of the fact that
not all the obgarvations w:'rs of aqual value, Matters which were
deemad to affecct the accuracy of the obsarvations w2re the over-
all strength of the galactic signal, tha tilt mgunk. and tha
general avvoarance of the tape indicating whether or not ¢xternal

sources of slectrieal disturdances had bpen oreeent, In particular

it was found that odssrvations made at low altitudes were not ra-
- 16 =




produceadla and honc~ of dubious valua, The scheme followed in
welghting ths moints wae tha following: All observetional voints
corresponding to strong signale and a good tilt angle ware given
doudls weight, Observations made at zoro degrars altitude, odser-
vations giving evidance by the character of the trace on th~ tave
of Yeing wntrustworthy dus to external disturbances, and obs~rva-
tions for which the tilt angle was le2ss than 70°. were gall gliven

zero waight, Othsr oberrvations wors taken as having weight unity

. in forming the normal voint.

Ths next step in the vrocadure was to obtain by the method
of 1~ast squaras that small circle on the celestial sphers which
bast fitted the normal points, The coordinates of the normel
points war~ in no casz far from the galactic equator which made
poseidble a simnlification of the obsarvational equations to a lin-
ear form. Letting {; and by be the coordinates of the normal
point 4, and letting L, De.a trirl value for the galactic longi-
tude of the pole (that is, for £') the observational aquations nll

take the following form:

b, = X - Yeos (4~ &) - Z ein (z1 - zo) (4.11)
In thegs agquations ths quantitiee X, Y, Z, ar~ the unknown and
they nre related to the desired quantities ¢', b' and € in the

following way!

Xx=090°-6
Y= (90° - b') cos & (4.12)
Z2=(90° - 1') gin &




In the above the quantity 4 4s the correction to the trial vu;l.uo L,
for the longitudas of the pols and so is dafined by
1 = £°+ A

It is to be noted that the quantities X, Y, and Z, are all in de-
greas, Once the ouantities X, Y, and Z have besn determined by
solving the normal ~quatione, it is a simple metter to derive the
d>eired quentitioe 2'. b'. and O, It 1s vogeidl~ to convart l' and
' b'. to right sscaneion and drclination of dste and these coordi-
net~e can than be nracessad to 1900 for comoarison with the vosi-
tion of ths IAU vole, if desired, The quantity @, remains invari-
abl3: nnder nracession. ]

It wag thought desirabdle to attemmt to obtain an estimnte of
th+ aconrscy of th2 thre~ ounsntities 2.'. 'b'. and @, The astimate
wag arrived At in the following way. First, the welights of the
unknowns in the normel 2quations, X, Y, and Z, werae calculated by
the ordinary methods of l2ast squaree in torms of an observation of
unit weight., Iaxt, in order to deriva a value for the vrobadle
error of an obssrvation of unit weight th- root mean square de-
visation of the normal points from th~ small circl~ renresent~d by
the values of !', b' , 2nd @ wag derived snd this was cxpresgsed as a

vrobadle esrror of observation of unit weight, From these data it

was a simpla matter to arrive at the orobable srrors of the thrae
! 1

guantities ‘¢, b , and @, by ordinary formulas for the voroovagation

of errore, These nrodabls arrors can furthermore be transformed

into srrors of right ascension and declination of the pole, if so

draired, It is folt thet prodabdle orrors obtained in this way are




at sany ratn immersonal and: hence,sre of some value in mssesring
. the intarnal consistancy of the obsarvations. The final rasults
are for the year 1900,0!

!

't - 26608:‘:.
(-] ]
b e 87.03+0

121'39M36+ ™89
- 25 26420

=1
it

on
1

-] 1 1
& =9117 +11

Apnnndix 1 summrrizes the obsarvations and the comoutations
prmloyed in thie dotormination of the 205 Mc radio vole of the
gnlaxy.

Apnendix 2 liets tha coordinstr~e of the normel voints and

their weights,
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SECTION 5 - OBSERVATIONAL ERRORS
. In order to0 study the galactic radio structure revesled

by Figures 2 and 3, it is necessary to understand some of the

sources of error inherent in the observational technique used.
The verticel pattern of the antenna was modified by

ground reflections for elevetion angles below about 8°.

Careful checks on the performance of the entenna at low

elevation angles indicated a marimum error of ebout 2° in

elevation pointing vhich, moreover, wes an frregular function
of azimuth. Fartly for the avove resson, data teken at 0°
antenne elevation were omitted from the wole solution. The
nature of the experiment=l method minimized the importence of
errors in elev=tion pointiny so thst even twn degrees was a
nearly neglisidle queatity. But, en additional effect prompted
the exclusion of the 0° gsuges, The locel surroundings pro-
duced & thermal radiation; variable in aziruth, easily
measurable and of neerly the srme magnitude as the radiation
received from the weaker perts of the galaxy. If a greater
renge of gelactic longitude had been available for observation.
it would have been preferable to omit all data to perhaps as
high es 12°. It is unfortunate that it was necessary to
observe certain of the wesker varts of the gelaxy at low ele-
vation angles.
Failure to sweep normal to the galactic distridbution of
- the redio frequency rediations tended to broeden the apperent

width of the source., At high elevetion angles the effect was

\ sgeraveted snd accompenied by s lerge shift in the positions of
\ 20




the apperent mexima, For these reasonl'all data accompanied by
a tilt angle 1less than 70° were omitted from both the pole
solution and Fifures 2 and 3,

Scatter of points representing nearly the same part of
the gerlaxy erose from four factors., First, there is the time
lag and gensitivity of the recorder, This scatter can be
clearly seen to divide the measures taken between galactic
longitudes minus 30o and plus 10° into two perallel patterns
about 1/2° apart. These pﬁints were clearly split into two
groups beccuse the galactic signal wes strongest in this region,
making for most asccurate poé&tioning, and the angular reste of
rotetion was highest, beceuse of the low antenne elevation re-
quired, This "elevation scetter" is proportionel to the cosine
of the elevrotion sngle. Tests were performed with a distant
transmitter on the ground (zero elevetion) eand a consistent
value of 0.65° spread between maxima for opposite sense of ro-
tation obteined.

Seéond, there wes scatter produced by physicel flexing
and uncerteinty of operation of the driving mechanism, par-
ticulariy in strong, gusty, vinds, This form of érror vas less
then 1°,

Pinally, there was scatter resulting from the relative
weckness of the gelectic signals when compared to the internal
receiver noise, The receiver produced 2000 units of ;oise at
the outbut. Variations in this noise es small as 1 unit in a

period of one second could be recognised. The gelactic radi-

ations produced masima over the range 15 to 130 unite and the
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thermal redistions from the ground, plus reflected antenna im-
pedance effects, could produce sbout 10 units. The consequence
of this weakness of the galectic signel is apparent between
galactic longitude 100° and gelrctic longltude 200°.

One further cruse of scatter arose as a result of the
variation of the received gelactic radiation with time. Certain
regions, notebly one in the constellation Cygnus, produced amplia
tudes of veristion as great as two to one in periods of time less
than one minute. This apparent veriability of the galactic
signal was only occesionelly present and chiefly in the region of
mean galactic longitude h5°. There 1s no reason to believe that

this effect was very serious reletive to the overall measures,
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SECTION 6 DISCUSS ION
The results of the present investigation leave no doubt that

the genersl source of 205 Mc galactic radiation 1is intimately con-
nected with the structure of the galaxy.
Table 4 shows the position of galactic poles determined from

a variety of astronomical oObservations and summarized by Van

Tulder.2
TABLE 4"
DETERIINATIONS OF THE POLE OF THE GALAXY
Yo, & LA} Type
1 191° 87.1° cBO~cA6
2 298 88.8 noow
3 14 84.5 CA7-~cK
4 6 87.0 "o
5 26 88.1 . §Cephei
6 343 87.8 "o
7 349 88.5 non
8 193 87.0 B1-B2
9 346 88.1 "o
10 12 88.2 LI
11 269 88.3 BO
12 305 88.7 "
13 181 88.2 BO-B5
14 305 89.5 non
15 301 88.9 0
16 304 89.0 Tolf-Rayet
17 131 89.0 Open clusters
18 0 89.4 LI
19 357 88.5 LI
20 161 84.2 Plan, nebulae
21 41 85.2 "o




Yo. L kL Iype

22 253° 86.2° Extra gal. neb.
23 290 88.0 High velocities
24 281 89.4 Stars far from gal., plane

* Adapted from reference 3
Table 5 shows the positions of the galactic pole as computed
by Northcott and Williamson? from Reber's observations of galactic
noise at 160 Mc and 480 l{c. For purposes of comparison, the re-
sulte of the present determination are also included.
TABLE 5

THE GALACTIC FOLE FROYM GALACTIC
NOISE AT THREE FREQUENCIES

Freg. Obsgerver Re Ao (1900) . Jec., e
160  Reber  12P34T5 4 1™ 427°10 4 0.26 91961 4 0920
205 Cornell 12 39.4 + 0.9 425.43 $ 0.34 91.28 + 0.19
480 Reber 12 40.9 4 2.7 429.10 ¢ 0.87 90.72 4 0.54
Freq. Range in Normal Points

Gal. Long,
160 325-210 12
2056  326-196 16
480 (330~55 10

50-180

It will be gseen that there is nothing in particular to distinguish

the positions of the poles of galactic noise from the other poles.

Note, for examnle, the agreement with the determination (number 22}
from the zone of avoidance of extra-galactic nebulae. However,

the radio determinations have both a higher internal consisetency

and a consideradbly smaller probable error, It is tempting to
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speculate on the possibility of a systematic variation of the
position of galactic radiation with frequency, but this must de
postponed, vartially because of the preliminary nature of the 160
and 480 Lic data.

It is safe to say that the source of the 205 Mc radiation

4The

has no connection with the phenomenon of Gould's Belt.
pole of Gould's Belt is spproximately 15° away from the north
galactic pole, whereas the pole of the 2056 Mc radiation 1s only
2k° distent and in a different dirsction,

One provocative result of the radio observations is the fact
that the mean galactic latitude of the radiation at 2056 Mc differs
significantly from zero degrees. If any reliance is to be placed
in the determination of the probable errors, it must be conceded
that the mean galactic latitude based on the pole of symmetry of
the obgervations is one degree or more south. Reference to table
§ shows that a similar effect was also apparent in the reductions
of Reber's data at both 160 ¥c and 480 Mc. While it is well
known from various astronomical observations that the sun occupies
a position somevhat to the north of the galactic plane, it was
hardly to be anticipated that so large & value of the mean
galactic latitude of the radio noise would de found.

If we accept Van Tulder's value of 13 parsecs for the height
of the sun above the galactic plane, we can compute a mean distance
for the effective sources of the galactic radio frequency radieation

in question. The value comes out to be approximately 750 parsecs.
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According to the theory of radiation from a thin slsd in ther-
modynemic equilibrium, this quantity should be directly comparable
with the distance &t an optical depth of approximately unity in
the interstellar medium for the fraquency involved. If we make
use of the customary valuss of the eloctron density and electron
temperatufe in the interstellar medium, however, it 1is not diffi-
cult to compute that on the theory of free-free trangitions such
e distance must be at least 10 times as great as the one just
derived.

There 1s an altornative way of considering this phenomenon.
Assuming that the galactic radiation is to be identified with
radiation from the slectron gas in interstellar space, we can
take 10,000 parsecs as & fair value for the distance eorresponding
to an optical depth unity. This is gquite definitely a minimum
value and it is difficult to see how it could be made very much
smaller®. But, if this is the aversge distance to the source of
radiation, we are forced to the conclusion that the sun must be at
least sovoral hundred parsecs above the contral rlene of the
radiating medium in order to give the observed valus of minus 1°
for the mean galactic latitudc of the signal,

In this way onc is lod to soe the crucial nature of the
conclusion that the centroid of the galactic radiation departs
" noticeably from a grost circle on tho celestial sphere. If we
agree with this conclusion, vo must either adopt the optical
dep?;h of tho galaxy commutod for the radiation at 205 Me or

i
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alternatively, change our ideas about the height of the sun above
the median plane of the galaxy. It becomes of considerable
importance then to test in any way possible the reliability of
the value of @ vhich has been derived, In this regard, particular
attention should be peid to the wmavoldable gap in the observations
betweon galactic longitude 20 end 320°, This gap is, of course,
caused by the northern latitude of the ocbserving station, which
makes a portion of the celestial sphere invisible from the
observing station at any time of the year. In principle, at least,
the comparatively high welght of the solution for the unknown X
in equation (4,11) indicates that no difficulty 1e to be expected
about the determination of this quantity because of the gap in
galactic longitude. At the same time, it was felt worthwvhile to
make an additional computational test of the reality of the value
obtained for X.

The relevant question in this connection is the following.
How well can the present data be represented by a solution in
which it is assumed thet there is no deviation of the centroid of
the galactic signal from a great circle? In order to answer this
question the sixteen observational equations representing the six-
teen normal points were altered by setting X identically equal to
gero, then forming the normal equations which were solved for !
and b', From these normal equations, weights for t'and b! were
formed. By comparing the deviation of the computed values of b
from the obeserved valus for the longitude of each normal point, a

B ’ B N € g ot l,r‘ M‘ T PR
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probabdble error for an observation of unit weight was obtained.
Combining these results, it was possidble to obtain new probabdle
errors for the quantities {'and b! corresponding to the assumption
that the centroid of the galactic redlation does not differ from
a groat circle. The probable errore from this computation are
exhibited in Trble 6 mlong with the probable errors from the more
general solution for purﬁoaes of comparison.

| TABLE 6

COMPARISON OF PROBABLE ERRORS OF ' AND b' FOR
TWO ALTERVATIVE KYPOTHESES ABOUT

X

X %0 Xz0
2t + 4% + 15%7
! + 003 + 0%

Since the method of determining the probable errors tekes into
account the fact that there are three edjustable paramstere in one
of the solutions and only two in the other, this ceannot be a source
of the difference of the probable errors in the two cases. It is
seen then that the probable errors for the position of the pole
are more than doubled by requiring the observations to fit a

great circle rather than the optimum small circle. The conclusion
to be drawn from thie is presumably that the observations are
definitely better fittod by a small circle corresponding to X
oqual to approximetely minus one degree ihan they are by the
corresponding great circle. However, in view of the considerable

astrophysical intcrost in tho exact valuo of ¢, a final decision
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must avait observations made in latitudes such that the gap in
obsorvable galactic longitude is greatly lessened or completely
done awey with. Also; it would be desirable to take into acoount
the effects of any discrete sources that may be isolated.
Reference to Figure 3 raises the distinct possidility that
the distribution of the normal points about the computed curve is
by no means random in nature. We believe that the indications are
quite definite that a fair proportion of the deviationof the
normel points from the curve represents real observetional data.
While. it is barely possible that these deviations are the results
of local peculiarities of the terrain near the radio telescope em-
ployed, this seems hardly likely for several recadons. In the
first place, no similar offects have been noted during other
obgervntions; for examnle, obgervations of the sun and observations
of the horizon vhen no important sources of cosmic noise are in
the sky. There is £lso the fact that effects due to locel terrain
would be intimately correlated with altitude and because of the
design of the observing progrem many of the regions were observed
twice at quite different nltitudes. In spite of this fact the
gystemetic nature of the devistions remains. A means of testing
the renlity of these deviations from the computed curve is
available. The probeble error of an observation of unit weight
can ba obtained in the process of determining probable errors for
the three desired quantities {' and b! and @ by making use of the

root mean square deviation of the normal points from the computed
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curve. It is also possible to caloculate a probable error for an
obsorvation of unit weight by finding the root mean square devi-

antion of the individusl observations from the position of their

nornal point, If the two probable errors computed in this way ere
substantially idoenticnl, the conclusion is that there is no signifi-
cant deviation of the normal point from the computed curve., On

the othor hand, if it is found that the probable error for a given
normal point compited™ t7ith raspect to the.dispersion of thes individual

obscrvations about the normal point, 1s a great deal smaller than

the deviation of that normal point from the curve, there is

evidonce of a significant devintion of the observations from the
computed ourve in .that region.. Tablc 7 exhibits the findings of
such calculations.
TABLE 7
INTERNAL CONSISTENCY OF THE OBSERVATIONS

Nornal Dovintion of nornal point Probable error of
Pt. No. from computed curve Normal point from
, internal consistengy

1 # 03601 0206

2 + .228 .07

3 + .354 .06

4 - 0068 006

5 * had 2.350 006

6 - 0,364 21

7 + .94 o1l

8 - .317 .09

9 - .941 .16

10 + .663 .08

11 * + 1.124 .10

12 + 0,617 .14

-w—
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Normal Deviation of normal poin Prodedle error of

Pt. Yo. from computed curve . Normal point from
internal consistency
13* - 117 0210
14 - 0.320 .09
15 - 0005 009
16 - 112 .20
P.E. of a normal point from agreement with ¢ 089

& computed curve
*Points whose deviation from the curve is > 10 times the P. E.

Significant deviations from the smooth comwputed curve are evident.

Moreover, several of tho deviations seem to be adequately e ccounted
for by the positions of known radio "point" sources near the
galactic nlanc, For example, Cygnus 4 at galactic longitude 45°
has a galactic latitudo of 4 5° and 1t will be noted that the
systenatic deviation of tho controids in this region is in the
dirootion of positive galactic latitude, Similarly Cessicpeia A

et gelactic longitude 79° and galactic latitude 2° seems to exert
an influonce on the position of the certroid im this region of

the colestial spherc, Taurus A at galactic longitude 154° and

.galactic latitulo ~4° seems to be & logicel cauge for the devi-

ation of tho controid in that region.*

*At tho timoe thcso obsorvetions werc first reduced, Bolton, Stanley,
end Slec, (NATEE, Vol. 164, Pg. 101, 1949) had not yet announced
the corroction to thoir original position for Taurus A which
incrensed tho galactic longitude of this point by 9° while leaving
its galactic latitude unchanged. On the basis of the incorrect
position, it would have been difficult to interpret the systematic
deviation of tho controide from the plane of the galaxy in the one
region and the lack of such systematic doviations in the other ‘1
roglons. This seoms to suggest that & radio telescope with a con-
vontional type of antonne mey have some advantages for determining

directions of isolated sources of radio frequency energy which are
not possessed by present interferometer techniques.




The date represonted in Figure 2 has been included decause of
its gonoral intcrest although it is of considorabdly lower accuracy
than the data relative to tho centroids of the galactic signals as
a function of galactic longitude. It should be borne in mind‘
that 1t must be rogardod as of a provisicnal nature. The relative
intensity curve shows quitoc clearly the marked incresse in specific
intoengity of gelectic radiation toward the galactic center. Coor-
dinates of this curve correspond to the maximum signal obtained for
any sweep and aro plotted as functions of galactic longitude. The
zero of this curve corresponds epproximately to the meter deflection
obtained vhon the radio tolescopoe is pointed near one of the
galactic poles at & time whon the sun is not in the sky. The
secondary maxime of this curvo occur at galactic longitudes which
are approximetely coincident with the positions of the three radio
stars, Cygnus A, Cessiopeia A, and Taurus A. Apert from these
three points the voriation seoms to be of quite a smooth nature.

It 1s possidblo to arrive at an ordor of megnitude estimate of
the spocific intensity of the galactic radiation in terms of the
spocific intonsity of the solar radintion in the following way.
When the radio telescope is directed at the quiet sun at a season
vhen galactic radiation is not entoring the rndio telescope in
appreciadble quantity, the relsotive intonsity is approximately 140
milovolts. When the radio tolescope ies directed toward the sun,
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the flux at tho antenna comos from a s0lid angle determined by the i
angulrr diamoter of the redisting portion of the sun at this

frequoncy, vhich mey be teken to be approximately 1°. However,
vhon the radio telescops is directed at a portion of the galaxy

the flux at the antenna is partly determined dby the half width of
the antenna pattern which is approximeately 15° for the radio
telescopec used here, liaking use of these fncts.‘ the folloving
simple oxpression cen be derived for the specific intensity of the
galactic rndintion in nny gelactic longitude as compared with the

spocific intensity of solar redintion for the frequency concerned.

/

2 .
1) gl .. Il 1.5 = o3 Iy 1074 (6.1)
(1,0 1404 15 _

It cennot be too strongly emphasized that the sbove equation is
not a roesult of absolute calibrations and is included merely as an

order of magnitude ostimatc in order to give additional meaning to

2
‘3
W

the deta reprcsentod in Figure 2.

At tho samc time that one of the complete checks of the data
rond from the tapo for tho solution of the radio pole was being
made, dnta were token fromthe tapcs for the purpose of calculating
approximate half widths for tho radiating region of the galaxy in
the various gonlactic longitudes. To do this, o minimun was estab-
lished by drawing a straight line betweeon the minima on either side
of the galactic plene. 4 line parallel to this vas then drawn which

vas half way from ninipum to maximum valus of tho signal. Tho
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difforence in asimuth of these two "half signal' points was then
rord from the azimuth calibration marks. Fron this a rough value
of the width in galrctic 1lntitudo of tho observed distribution was

then commutsd for each sweep dDy the following equationt

Ab = AZ cosycos h (6.2)
In tho above oquation &b ig the half width in galactic latitude of
the observed inténsity distribution, AZ is the earth observed half
vidth in azimuth as road from the tape, Y is the tilt angle as
defined in Section 4 and h 1is the eltitude of the sweep. No attempt
has been mede in the data represented by Figure 2 to correct for
the finito width of the antcnna pattern in order to obtain an
epproxinate half width for tho rctual intensity distribution of the
galactic radintion. Such a.finemente rust await further observations,
An interesting foanture of Figure 2 is that it exhibits no general
trond for a widening of the radiating rogion toward the direction
of the grlactic contor. As a hatter of fnct, the apparent trend 1is
in the opposite direction so that wide, but faint radiating regions
of the gelaxy are indicated for gnlactic longitudes nearer the
ant i-center rather than the coenter, 4 rough estimate of the actual
half width of tho galactic radiation omn be obtained by application

of the following equetion,

.2

12 - 2, 2y 2
‘BT SE) 4 (B (6.3)

In this equation (H) 4 Teprosents the helf width of the antenna

- .
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pattern, @. represents the half width of the trus source distri-
bution, snd (ﬁ)p represents the half width of the observed
distribution. This cquation would be exact if all the distributions
mentioned were of the normal or gaussian type. Since the
distributions ;u'e only approxinmntely of this type, the equation
mst be regarded as a purely approximnte one. The quantity @)p

nay be reed from Figura 2 and the quontity ;;’Ih,’A may be taken to

be 15°. It eppears that the trus helf width of the radieting
regionsg of the galoxy mny vary from between 10° and 250 and that a
rensonably accurnte velue at zero degrees galactic longitude would
be approxinately 15° from the half intensity point on cme side of
the gnlectic plano to the half intensity point on the other side

of tho gnlactic plrno for 205 Mec radiation.
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APPENDIX I |
Summary of Deta | i
The coorainates of the centroid of the received sign?l for
each observation are tabulated. The symbols are defined as follows:
N, TNormal point number
] Galactic longitude
b Gelactic latitude 3
vt Welght of point. Zero welghts were assigned for

reasons ipdicated in the tmble Yby:

a ~ zero elevation emgle
b-4> 70°
S - record badly asymmetric
run Date (number) and relative time of day (a-early
evening, b-lata)

%% rection of sweep, + iniicates direc’ion of in-

creasing galactic latitude

alt Altitude of telescope

az  Azimuth of telescove

GCT Greenvict. Civil Time

r1ﬁ- Tilt an;le betveen diregdtion of sweep and galactic
equatol

1/2wd Widtk in degree galactlc latitude between half
ampl.itude points.

Irel Refative intensity of meximum signal

B ——
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APPENDIX II
Coordinates and Weighcs of the

Normael Points
No. MWeight - Gelaétic Galactic  No, Weight Galactic Galactic
Longitude Latitude Longitude Latitude
1 19 331,194 -1.617 9 19 87.204 0,325
2 20 340,600 -1,520 10 19 107.112 1.949
3 20 350,814 -0.953 11 20 122,070 1,883
L 18 0.880 -1,358 12 20 133.817 1,381
5 20 11,921 -2,141 13 20 160,820 -1,652
6 19 25,195 -0.659 14 20 171.604 =1,224
7 19 Lk.369 1.590 - 15 20 181,210 -1.546
8 20 66,256 0.568 16 20 190,800 2,235
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